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Abstract 
Click here and insert your abstract text. One of the most important goals of mathematics learning is to enhance students’ 
mathematical achievement and also develop skills in mathematics problem solving. The purposes of this study were to consider:  
How well algebra problem solving performance, meta-cognitive strategies, and cognitive strategies (IVs) predict students’ 
mathematical achievement (DV)? How much variance in mathematical achievement score can be explained by scores of algebra 
problem solving performance, meta-cognitive strategies, and cognitive strategies? Which is the best predictor of mathematical 
achievement: algebra problem solving performance, meta-cognitive strategies, or cognitive strategies? The subjects of this study 
were selected from first year mathematics students who took Algebra course in a public university in Malaysia. The Cognitive 
Strategy Questionnaire comprises of 18 items, was used to assess the students’ specific cognitive strategy for solving the given 
Algebra problems. Algebra problem solving performance was measured using a test includes routine and non-routine problems, 
based on the covered topics in the course. The results indicated that there is no significant correlation between independent 
variables (Algebra problem solving performance, meta-cognitive strategies, deep cognition and shallow cognition). ALGPS and 
overall meta-cognition are two independent variables which make a strong and significant unique contribution to the prediction 
of mathematical achievement  as a dependent variable, when the explained variance is controlled by all other variables in the 
model (Beta=0.686, p<0.05), (Beta=0.157, p<0.05). The value of R square is 0.546 which is indicating 54.6 percent of the 
variance in the mathematical achievement as independent variable is explained by the model of regression (which includes the 
variance of algebra problem solving performance, meta-cognitive awareness, deep cognitive strategies and shallow cognitive 
strategies). The F Change shows the relationship between the set of IVs and the DV is significantly large [F(4,83)=24.914, 
p<0.0005]. The answer of the first question of research is: 54.6 percent of the variance in the mathematical achievement as 
independent variable is explained by the model of regression (which includes the variance of algebra problem solving 
performance, meta-cognitive awareness, deep cognitive strategies and shallow cognitive strategies).  The answer of the second 
question of research is: among these four variables, ALGPS makes the largest unique contribution, although overall meta-
cognition also made a statistically significant contribution. 
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1. Introduction  
Problem solving is considered as a higher order domain of inquiry (Derry et all, 1993). In some situations 
problem solving regards to a strategy which is used for developing the reasoning skills of learners as it involves 
research to identify problems, analyses of various perspectives on the problem, evaluation of the merit of the 
different perspectives, and synthesis of findings (Hiebert, 1997). In problem solving the cognitive abilities are 
essential to success in any scientific or professional field (Schoenfeld, 1985). Two kinds of effective strategies in 
successful of problem solving are cognitive strategies and meta-cognitive strategies that are as learning strategies.  
 
Learning strategies are an individual’s approach to a task which affects how a student organizes and uses a set of 
skills to learn content or to accomplish a particular task more effectively and efficiently either in or out of school 
(Schumaker& Deshler, 1984). Many researchers have mentioned, a lot of learning strategies such as cognitive 
learning strategies are offered for mathematics learning. Students are able to employ two types of learning strategies 
for learning new things: cognitive and meta-cognitive processes. Furthermore, cognitive strategies consisting of 
rehearsal, elaboration and finally organization help students to encode, organize and retrieve new information. As 
detailed by some researchers these strategies are classified into surface cognitive strategies and deep cognitive 
strategies. Surface cognitive strategies involve the repetitive rehearsal and rote memorization of information, which 
help to encode new information into short-term memory, mainly through reading the course material over and over 
again.  On the other hand, deep cognitive strategies refer to elaborating, organizing and critical thinking, and they 
challenge the reality of information encountered and attempting to integrate new information with past knowledge 
and experience, which facilitate long-term retention of the target information, for example making an outline of 
important concepts after a learning session.  
 
There are some studies which have examined the link between performance goals and the use of deep cognitive 
strategies in college students. These studies results showed performance goals are consistently unrelated to student’s 
use of deep cognitive strategies. Wolters (2004) indicated that performance approach goals were positively related to 
the use of deep cognitive strategies. In several studies it was reported that performance goals are positively related to 
students’ use of surface cognitive strategies (Elliot et al. 1999). The results of some studies, which have investigated 
the relationship between performance goals and using of deep cognitive strategies among college students, indicated 
that performance goals and use of deep cognitive strategies by students were consistently distinct. Also according to 
Dart, Burnett, Purdie, Campbell and Smith (2000) using of surface cognitive strategy is related to highlighting on 
formal achievement.  
 
 The other strategy of learning that is meta-cognitive strategy includes self-questioning and self-checking 
techniques and also consisting of planning, monitoring and regulation which help individuals to control and execute 
their learning processes. Monitoring enables students to be awarded of comprehension in order to follow their plan 
to successfully solve their problem. Planning helps the students to analyze the problem and it involves a variety of 
suitable strategies that affect performance. At the end, the process evaluation of the problem solution helps the 
student to judge the answer and to process for obtaining the answer and they can re-evaluate their goal and 
deduction. Flavell introduced the concept of meta-cognition as a concept of intelligent structuring and storage of 
input, of intelligent search and retrieval operations, and of intelligent monitoring and knowledge of these storage and 
retrieval operations - a kind of 'meta- memory' (Flavell, 1971 p. 277).  Dunning, Johnson, Ehrlinger and Kruger 
(2003), mentioned Meta-cognition is important in learning and also it is a strong predictor of academic achievement 
seeing that students with good meta-cognition have good academic performance compared to students with poor 
meta-cognition. There are many studies have focused on the relationship between meta-cognition and learning 
© 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
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achievement. According to Savia (2007) study, there is a positive relation between successful students with strong 
meta-cognitive skills and their abilities to have successful performance because of their confidence in monitoring 
and evaluating the tasks. In that study a regression analyses examined mediation effects of meta-cognition in the 
relationship between goals and performance and meta-cognition was known as a predictor of GPA.  
 
A predicting model can identify students’ achievement through different factors can be effective for students’ 
learning. The model can work as an advisory reference for teachers/lecturers in preparing the course teaching and 
learning materials based on the learning factors which are effective on students’ learning. In addition, achievement 
could be utilized to support training programs in order to teach meta-cognitive strategies for students and also it can 
show the importance of achievement goals. The model could also be used to modify teaching techniques in 
universities and high educational institute to provide learning needs of students. Thus, in investigating performance 
in mathematical problem solving, the role and impact of the cognitive strategies and meta-cognitive strategies in 
mathematical activity may enlighten teaching and learning of mathematics. All these applications not only support 
the education of university courses in delivering a better quality education, but also beneficial to administrate the 
examination of course. Therefore, due to the above reasons, in this study two research questions are considered:  
How well algebra problem solving performance, meta-cognitive strategies, and cognitive strategies (IVs) predict 
students’ mathematical achievement (DV)? How much variance in mathematical achievement score can be 
explained by scores of algebra problem solving performance, meta-cognitive strategies, and cognitive strategies? 
Which is the best predictor of mathematical achievement: algebra problem solving performance, meta-cognitive 
strategies, or cognitive strategies?  
 
For answering the mentioned research questions, this study seeks to investigate and assess:   
1. The students’ level of cognitive strategy (deep versus surface) related to mathematical learning. 
2.  The students’ level of meta-cognitive strategy in) related to mathematical learning. 
3. The students’ level of each subscale of meta-cognitive strategy (knowledge, planning and evaluation) 
related to mathematical learning. 
4. The relationship between students’ level of shallow cognitive and deep cognitive strategy with 
mathematical achievement. 
5. The relationship between students’ level of meta-cognition and its subscales with mathematical 
achievement. 
In this study, based on regression assumptions the linearity, homoscedasticity, normality were considered. 
 
2. Methodology 
The purposes of this study are to examine the possible influences of both cognitive and meta-cognitive strategies 
of respondents on the mathematical achievement and also determining a prediction model based on students’ 
mathematics achievement, Algebra problem solving performance, meta-cognitive strategies, and cognitive 
strategies. Students’ cognitive strategies and meta-cognitive strategies were assessed by using self-report 
instruments. The mathematical problem solving performance was measured by an Algebra test consisting of routine 
and non- routine problems and overall scores were obtained for the course. The sample of this study was selected 
from first year students who enrolled in Algebra (MTH 3200) course in one of the public university in Malaysia. 
Two groups totaling of 86 students were then selected randomly from three groups of students who had enrolled in 
this course. The students’ field of study in this study were mathematics and also mathematics with education. The 
students’ cognitive strategies were assessed based on two types of cognitive strategies which call surface cognitive 
strategy (referring to rehearsal, i.e. highlighting, underlining, copying, repeating items in a list) and deep cognitive 
strategy (referring to elaboration, i.e. paraphrasing, summarizing, creating analogies, and generative note-taking, 
that help integrating new information with the existing knowledge in long-term memory, and organization such as 
selecting main ideas, outlining, networking, and diagramming, that help analyzing the information in a text, in terms 
of the interrelations between ideas and transferring this information into different modes of representation). The 
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subjects were asked to respond to each statement of the cognition questionnaire with regard to their common 
practices during learning algebra and solving algebra problems using a five-point Likert scale ranging from “1 - 
never” to “5 = very often”. The Meta-cognitive Awareness Inventory (MAI) comprised of 52 items was 
administered to assess students’ meta-cognitive strategies (such as planning, monitoring, evaluation) while solving 
algebra problems throughout the MTH 3200 course. The students were required to either give a ‘true’ or ‘false’ 
response to each item of MAI. 
 
Algebra problem solving performance was measured using a test based on problems which were discussed in 
their Algebra tutorial class.  This test included of seven algebra problems - four questions as routine problems and 
three questions as non-routine problems were presented to students to solve. As operational definition, non-routine 
algebra problems are problems that require creative and/or critical thinking. A solution to this type of mathematics 
items necessitates the application of knowledge, previous experience, and/or intuition. A non-routine problem can 
also be as a verbal or word problem, for which an algorithm has not been learned (Barson, 1986, p.10). In this study, 
non-routine problems are problems which students previously were not familiar in their classroom and solving them 
requires being inventor, whilst the routine problems are common algebra problems were solved during learning 
process and students could solve them via patterns and concepts which they faced in Algebra class. Algebra 
mathematical achievement was also measured based on the cumulative of the scores which students achieved during 
the semester. In this study for exploring the research questions standard multiple regression was used.  In standard 
multiple regression, all IVs are entered into the analysis simultaneously. The effect of each IV on the DV is assessed 
as if it had been entered into the equation after all other IVs had been entered. Each IV is then evaluated in terms of 
what it adds to the prediction of the DV, as specified by the regression equation. 
 
3. Findings 
From 88 sets questionnaires which were distributed, all of them were collected. 85.2% of respondents were 
females and 14.8% were males. From 88 of respondents, majority of them were Malay students (71; 80.7%) 
followed by Chinese students (15; 17%) and there were a few subject of another nationality (2, 2.3%). Bachelor of 
Science degree and Bachelor of Science with Education were subjects’ major which 42 respondents (47.7%) were 
from Bachelor of Science and 46 respondents (52.3%) were from Bachelor of Science with Education. 
3.1 Students’ level of cognitive strategy and algebra problem solving performance 
Descriptive measures of students’ level of cognitive strategy were indicated in Table 1. Regarding to the findings 
the students’ shallow cognitive strategy with mean of 3.69 is higher than their deep cognitive strategy with mean of 
3.46. This might be indicated that the students prefer shallow or surface strategy compared to deep strategy when 
learning or solving algebra problems. 
 
                                                           Table 1:  Students’ level of Cognitive strategy 
Cognitive Strategies Mean Std. Deviation 
Deep Cognitive Strategy 3.46 .57 
Shallow Cognitive Strategy 3.69 .59 
 
          Table 2 indicates the means and standard deviations of the students’ performance variable. According to the table 2, the mean of overall 
performance in the Algebra Problem Solving (ALGPS) was 3.304. The students’ score of overall performance in the Algebra Problem Solving 
was computed from students’ total score of Algebra Problems Solving- Routine (ALGPS-R) and students’ total score of Algebra Problems 
Solving-Non-routine (ALGPS-NR). The scores of ALGPS-R and ALGPS-NR were changed to the sameunitbetween 0 to 10 for comparing their 
means. The mean of students’ performance on routine problems was found higher (mean=4.63) compared to performance in non-routine 
problems (mean=1.63).   
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                      Table 2: Algebra problem solving performance 
Routine(R) / Non-
Routine (NR) problems N Minimum Maximum Mean Std. Deviation 
R1 88 .00 10.00 5.7045 3.46712 
R2 88 2.00 10.00 8.5795 2.39598 
R3 88 .00 10.00 3.4438 3.34917 
R4 88 .00 10.00 .8131 2.11746 
NR1 88 .00 10.00 3.7841 3.44563 
NR2 88 .00 10.00 .4886 1.70189 
NR3 
88 .00 10.00 .5682 2.32822 
ALGPS 
88 1.29 6.43 3.304 1.1899 
ALGPS-R 88 1.5 9.25 4.63 1.6497 
ALGPS-NR 88 .00 6.67 1.63 4.601 
Valid N 88     
 
3.2 Students’ level of meta-cognitive strategy 
 
       Descriptive measures students’ level of meta-cognition was showed in Table 3. The mean of students’ level 
of overall meta-cognitive strategy was 1.7312 (ratings measured were from one to two). Students’ level of 
knowledge, planning, evaluation as subscales of meta-cognitive strategy was itemized in this table. Results 
indicated that the mean level of knowledge is 1.6832, which was rather low whilst the mean score for 
evaluation and planning subscales were higher.  
                                    Table 3:  Students’ level of Meta-cognitive strategy 
Meta-cognition Strategies Minimum Maximum Mean Std. Deviation 
 
Overall Meta-Cognition  
 
1.46 
 
2.13 
 
1.7312 
 
.11427 
Knowledge 1.29 2.00  1.6832 .14393 
Planning 
Evaluation 
1.41 
1.39 
2.00 
2.00 
1.7253 
1.7727 
.13310 
.14434 
 
 
3.3 Relationship between students’ level of cognitive strategy and Algebra problem solving performance with 
overall mathematical achievement 
 
     Table 4 indicated the relationship between cognitive strategies, Algebra problem solving performance with 
overall mathematical achievement. The Pearson correlation coefficient was used to show the strength correlation 
between cognitive strategies, Algebra problem solving performance with overall mathematical achievement. 
According to the results, there is a negative and very weak correlation between students’ ALGPS with shallow 
cognition(r = -.134, p = .212). Similar, there is no significant relationship between ALGPS with deep cognition (r = 
.124, p = .251). in addition, the results in Table 4 indicated that there is significant and strong relationship between 
students’ ALGMA (r = .721, p = .000) and ALGPS scores. However, there is no significant relationship between 
ALGMA scores with level of deep and surface cognition.  
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                                  Table 4: Correlation Analysis 
  ALGPS Deep Cognition Shallow Cognition 
ALGMA Pearson Correlation .721** .058 -.030 
Sig. (2-tailed) .000 .595 .778 
N 88 88 88 
ALGPS Pearson Correlation 1 .124 -.134 
Sig. (2-tailed)  .251 .212 
N 88 88 88 
   
3.4 Relationship between students’ level of meta-cognitive awareness with Algebra problem solving performance 
     Results from Table 5 shows that there is a significant positive and moderate relationship between overall meta-
cognitive strategy with mathematical achievement (ALGMA) (r=.390, sig=.000). However, a weak significant 
relationship exists between ALGMA with all three subscales of meta-cognition (knowledge, planning, and 
evaluation) with r= 0.278, sig=.009; r = 0.291, sig = .006; r = 0.273, sig = .010 respectively. 
 
                         Table 5: Correlation Analysis 
  
Evaluation Planning Knowledge 
Overall meta-
cognition 
AL
GM
A 
Pearson Correlation .273* .291** .278** .390** 
Sig. (2-tailed) .010 .006 .009 .000 
N 88 88 88 88 
AL
GPS 
Pearson Correlation .299** .284** .284** .394** 
Sig. (2-tailed) .005 .007 .007 .000 
N 88 88 88 88 
    
        The results also indicate that, there is a positive and moderate significant correlation between overall meta-
cognitive strategy and performance of Algebra problem solving (ALGPS) (r= 0.394, sig=.000). In addition, the 
correlation between ALGPS and meta-cognition’ subscales (knowledge, planning, and evaluation) is weak and 
significant (r= 0.284, sig=.007) (r= 0.284, sig=.007) (r= 0.299, sig=.005).  
 
3.5 Relationship between independent variables(predictors) 
 
     According to this table, the correlation between each independent variable is not too high. The Pearson 
correlation of each variable is less than 0.7; therefore, all variables are retained. 
 
                                         Table 6: Correlations Analysis among IVs 
   
ALGPS 
 
Deep Cognition 
 
Surface Cognition 
 
Overall meta-
cognition 
 ALGPS   1.000 .124 -.134 .390 
Deep Cognition    .124 1.000 .410 .428 
Surface Cognition    -.134 .410 1.000 .210 
 Overall Meta-
cognition    .394 .428 .210 1.000 
      In multiple regression procedures, collinearity diagnostics’ on independent variables are considered. The Table 
7which calls as coefficients table indicates Tolerance and VIF as two values of multicollinearity. Tolerance of the 
each independent variable such as ALGPS, deep cognition, surface cognition and overall meta-cognition are greater 
than 0.1, therefore it indicates that the multiple correlation of each independent variable with other variables is very 
small. VIF is inverse of Tolerance which should be less than 10 for each independent variable for indicating non- 
multicollinearity. According to the results of this table, VIF of each independent variable is less than 10 there for the 
175 Sahar Bayat and Asihe Meamar /  Procedia - Social and Behavioral Sciences  217 ( 2016 )  169 – 176 
multiple correlation of each independent variable with other variables is very small. ALGPS and overall meta-
cognition are two independent variable which make a strong and  significant unique contributionto the prediction of 
mathematical achievement as a dependent variable, when the variance explained by all other variables in the model 
is controlled for(Beta=0.686, p<0.05), (Beta=0.157, p<0.05). According to Correlation Part in table 9, Algebra 
problem solving performance explains 37.33 per cent of the variance in Total mathematical achievement score and 
overall meta-cognition explains 1.69 per cent and deep cognition explains 1 per cent of the variance in Total 
mathematical achievement score. 
 
Table 7: Coefficient 
 
      According to the result in table 8, the critical chi-square value which is used by number of independent variables 
as the degree of freedom equals 18.47 and also the maximum value of Mahal. Distance in Residuals Statistics table 
is 14.994. Therefore, there is no any value which is larger than critical chi-square value and this means there is no 
cases need to consider removing from this analysis. In addition, the maximum value for Cook’s Distance in 
Residuals Statistics table is 0.069 suggesting no major problems and there is no cases need to consider removing 
from this analysis. These results showed there are no any outliers that need to remove from the analysis.   
 
                                   Table 8: Residuals Statistics 
  Minimum Maximum Mean Std. Deviation            N 
 Mahal. Distance .226 14.994 3.955 3.313                        88 
Cook's Distance .000 .069 .011 .016                          88 
      The value of R square is 0.546 in table 9 which is indicating 54.6 percent of the variance in the mathematical 
achievement as independent variable is explained by the model of regression(which includes the variance of algebra 
problem solving performance, meta-cognitive awareness, deep cognitive strategies and shallow cognitive strategies). 
The F Changeshows the relationship between the set of IVs and the DV is significantly large and the null hypothesis 
which is multiple R in the population dose equal to 0 is rejected, [F(4,83)=24.914, p<0.0005]. 
 
Table 9: Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
Change Statistics 
R Square Change F Change df1 df2 Sig. F Change 
1 .739a .546 .524 8.42242 .546 24.914 4 83 .000 
  
     The results of the analyses presented above allow us to answer the research questions. Our model, which includes 
control of Algebra problem solving performance (ALGPS), meta-cognitive awareness, deep cognitive strategies and 
shallow cognitive strategies, explains 54.6 per cent of the variance in mathematical achievement (Question 1). Of 
these four variables, ALGPS makes the largest unique contribution (Beta=0.686), although overall meta-cognition 
also made a statistically significant contribution (Beta=0.157) (Question 2). 
 
4. Conclusion 
 
Model 
Un standardized 
Coefficients 
Standardized 
Coefficients 
t 
      
Sig. 
Correlations Collinearity Statistics 
B Std. Error Beta Part Tolerance VIF 
1(Constant) 20.723 14.304  1.449 .151    
ALGPS .703 .085 .686 8.258 .000 .611 .794 1.259 
Deep Cognition -2.735 1.881 -.128 -1.454 .150 -.108 .708 1.412 
Surface Cognition 1.692 1.741 .081 .971 .334 .072 .783 1.277 
Overall Meta-cognition 16.784 9.537 .157 1.760 .045 .130 .686 1.457 
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    Mathematical achievement of university students is often poor or just on average. This study seeks to answer to 
these questions: how well algebra problem solving performance, meta-cognitive strategies, and cognitive strategies 
(IVs) predict students’ mathematical achievement (DV)? Or how much variance in mathematical achievement score 
can be explained by scores of algebra problem solving performance, meta-cognitive strategies, and cognitive 
strategies? Which is the best predictor of mathematical achievement: algebra problem solving performance, meta-
cognitive strategies, and cognitive strategies? In addition, this study seeks to identify whether students performance 
is related to the lack efficient cognitive strategies. Findings indicated that majority of them are shallow processors 
thus this may explain on their low performance in Algebra. On the whole, the study showed there is no significant 
correlation between Algebra problem solving performance (ALGPS) and both kind of cognitive strategy (deep and 
shallow). In addition, there is no significant correlation between mathematical achievement and both kind of 
cognitive strategy (deep and shallow). This study indicated that there is positive, moderate and significant 
relationship between Algebra problems solving performance (ALGPS), mathematical achievement (ALGMA) 
with meta-cognitive strategies and its subscales. The results indicated that there is no significant correlation between 
independent variables. Two values of Tolerance and VIF as two values of multicollinearity supported this findings. 
The amount of Tolerance for all independent variables is greater than o.1 and VIF for each independent variable is 
less than 10, therefore multiple correlation of each independent variable with other variables is very small. ALGPS 
and overall meta-cognition are two independent variables which make a strong and significant unique contribution 
to the prediction of mathematical achievement as a dependent variable.  
 
The answer of question 1 of research is: 54.6 percent of the variance in the mathematical achievement as 
independent variable is explained by the model of regression (which includes the variance of algebra problem 
solving performance, meta-cognitive awareness, deep cognitive strategies and shallow cognitive strategies).   
The answer of question 2 of research is: among these four variables, ALGPS makes the largest unique contribution, 
although overall meta-cognition also made a statistically significant contribution. The question here remains that 
how the students’ meta-cognitive strategies and mathematical problem solving performance as predictors of 
mathematical achievement could be increased. This calls for more extensive research to be conducted. 
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